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An Appraisal of Ventricular and
Myocardial Function Variables
Based on the Elastance Concept*
ISRAEL MIRSKY, PHD, FACC
Boston, Massachusetts
It
is more than 15 years since Suga and Sagawa (1,2)
developed their concept of ventricular elastance, a subject of
great interest and controversy. During this period many
indexes of performance based on this concept have been
proposed ; unfortunately, most have had limited clinical
utility . Lack of success is due to several factors, including :
1) a desire to develop simple indexes based on single point
measurements without careful examination of their load
dependence ; 2) dependence on ventricular cavity size or
volume and problems associated with normalization
; 3)
assumptions of linearity of the end-systolic pressure-volume
relations outside the range of measured data
; and 4) a strong
possibility that many of these ventricular function variables
are measures of chamber
stiffness and not measures of
"contractility ."
This editorial attempts to address some of these issues
and discusses the concept of systolic myocardial stiffness (3)
in relation to the study by Starling et al . (4) appearing in this
issue of the Journal .
Size dependence of end-systolic variables currently em-
ployed and the associated problems of normalization
. The
end-systolic variables (P/V)max, (o,/V)max and
peak pres-
sure/V (where o = stress, P =
pressure and V = volume) are
based on single point measurements and are inversely re-
lated to cavity size
or volume (V) . Also size dependent,
though not immediately apparent, is the maximal slope
variable Emax (determined from a linear regression of mul-
tiple
isochronal pressure-volume data points) and Ees (end-
systolic), which is the slope obtained from linear regression
of points generally corresponding to the upper left corners of
pressure-volume loops regardless of time (5) . This size
dependence of slopes (dP/dV) of pressure-volume relations
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has been demonstrated in studies on diastolic stiffness . In
particular, it has been shown (6) that left ventricular cham-
ber stiffness (dP/dV) may be expressed in the approximate
form dP/dV --- E/V(l + V/Vw) where E is the operating level
of myocardial stiffness and V/Vw is the ratio of cavity
volume to wall volume . This
expression therefore suggests
that slope variables Emax and Ees are not only inversely
related to cavity size V but, in addition, are related to the
mechanical properties (E) of the myocardium and the V/Vw
ratio .
Attempts to normalize Emax or Ees have met with little
success, a finding that may be partly due to problems in
interpreting the resulting normalized variables . Suga et al .
(7) examined the normalizations of Emax with respect to the
volume axis intercept Vo and wall volume Vw and con-
cluded that the ratio Vo/Vw must also be considered .
However, normalizing
Emax to a volume or a "mass"
variable could lead to a functionally different normalized
variable . This issue is discussed in more detail later .
Linearity of the end-systolic pressure-volume relation . In
most animal and clinical studies, linearity is assumed . This
assumption has often led to nonphysiologic negative values
for the volume-axis
intercept Vo, a variable considered
important in assessing changes in the isotropic state . Recent
studies (8,9), however, have since confirmed the nonlinear-
ity of these relations at
high levels of end-systolic volume ;
thus, Emax and Ees may only be constant over very small
ranges of pressure and volume
. Under these circumstances,
it will not be possible to estimate Vo with reasonable
accuracy with use of linear extrapolations, and the process
of normalization will
be further complicated . In assessing
changes in the inotropic state after an intervention in a given
ventricle, it may be necessary to compare changes in slope at
common pressure or common volume levels
. However,
further studies will be necessary
to find a suitable substitute
for Vo, which, at present,
is required to remain constant
when changes in the inotropic state are assessed
.
Concept of systolic myocardial
stiffness . The ventricular
elastance concept (1) has been extended in recent studies
(3,10) for the purpose
of developing methods to assess
myocardial performance . Our group (3) has shown that
linearity of the end-systolic
stress-strain relations leads to
end-systolic pressure-volume
relations that are nonlinear.
Furthermore, these stress-strain
relations provide a frame-
work for assessing myocardial
contractility in a more reliable
manner by correcting for preload (end-diastolic stress) and
afterload (end-systolic stress). Under certain
conditions,
changes in the slope (max Eav) of the stress-strain
relation
may be used to assess changes in myocardial contractility .
This systolic stiffness concept has been applied in the
clinical setting to patients with aortic and mitral valve
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disease (10) . The results demonstrated that preload correc-
tions were important in a preoperative assessment of myo-
cardial contractility in these patients . An attempt was also
made to examine the utility of the normalized variables
Vo "Emax" and Vw "Emax"
in assessing myocardial
contractile state, where "Emax" is defined
as the slope of a
nonlinear end-systolic pressure-volume relation at zero
pres-
sure. The data appeared to indicate that these normalized
variables had little value . However, a further unpublished
analysis of these data revealed some potentially useful
information, namely : 1) in all patient groups, Vw "Emax"
was positively related
to ejection fraction corrected for
preload and afterload in contrast to Vo
"Emax," which was
negatively related to corrected ejection fraction ; and )
statistically significant relations were observed in aortic
insufficiency and mitral regurgitation with the use of
Vw "Emax," and in aortic stenosis with mild hypertrophy
with the use of Vo "Emax ." These results may imply the
importance of the Vo/Vw ratio or some other similar ratio .
Furthermore, result I is predictable
on theoretical grounds
as shown here .
Consider the curvilinear end-systolic pressure-volume
relation in the form P = a V" + b (curve is concave to the
volume axis if a < 1) . Hence the slope dP/dV = a a V" - '
and the normalized variables are V dP/dV = a a V" ;
Vw dP/dV = a Vw a V" - 1 = a a Vw/V' - " . Note that these
two variables behave differently as
the volume V changes ;
for example, an increase in V (i
.e ., a decrease in ejection
fraction) results in an increase in V dP/dV
and a decrease in
Vw dP/dV . Such an analysis may be useful when Vo is
inappropriate as a normalizing factor and when Emax or Ees
is no longer constant .
Discussion of the current study . In this issue of the
Journal, Starling et al . (4) examine the load dependence of
maximal pressure (stress)/volume ratios in 16 patients with-
out cardiac disease . They conclude
that these ratios are
variably affected by left ventricular
loading and should not
be used as measures of contractile
state in humans . Alter-
natively, they suggest the use of isochronal pressure (stress)-
volume relations to assess ventricular contractility .
The importance of these studies is twofold : 1) simple
ratios based on end-systolic variables are shown to be load
dependent ; and
) end-systolic stress-volume relations pro-
vide a means for assessing
myocardial contractility in terms
of the ejection fraction-afterload relation
derived as follows .
The end-systolic circumferential stress-volume relation
may be written as Q, = Ec(Ves - Vo), where the end-
systolic (Ves) and end-diastolic (Ved) volumes are related
to the ejection fraction (EFes)
at end-systole by Ves =
Ved (I - EFes). Elimination of Ves
yields the ejection
fraction-afterload (EFes - o c )
relation in terms of "preload"
(Ved) in the form EFes = 1
- (Vo/Ved)(1 + oc/EcVo). Note
that: 1) ejection fraction increases
with increasing preload
and decreases with increasing afterload ; ) the term EcVo is
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closely related to the slope of an end-systolic stress-strain
relation at zero stress and therefore is a measure of myocar-
dial stiffness ; and 3) for a given preload and afterload and
provided that Vo remains constant after an intervention,
changes in Ec reflect changes in ejection fraction . The
preceding analysis is applicable in the present study because
linear extrapolation to estimate Vo is valid here ; however,
modifications are necessary when dilated ventricles are
being analyzed .
Other aspects of this study deserve comment . These
relate to the fact that 1) methoxamine alters both preload and
afterload, thus masking the possible inotropic effects of the
drug ; ) elastance coefficients Ec and Em do not assess
ventricular contractility itself and caution must also be
exercised in the use
of the variables (dP/dt)max and
dP/dt/DP40 in this regard ; and 3) many of the
study patients
had abnormally high end-diastolic pressures
and this may in
part explain the wide disparity in values for Ec and Em .
Conclusions . Current applications of the elastance con-
cept to the clinical setting require reexamination . Simple
indexes based on single point measurements are load sensi-
tive and size dependent and their use should be discouraged .
The various analyses presented here suggest that systolic
chamber stiffness variables Emax and Ees do not assess
ventricular contractility itself, a point also raised by Kass
and Maughan (11) . Under certain conditions, however, these
variables may assess changes in the inotropic state . On the
other hand, these recent studies (3,4,10) provide a frame-
work for the development of relations to assess myocardial
contractility, and future studies should . i n part, focus on
such developments .
Because volume-conductance catheter measurements
have been useful in obtaining end-systolic pressure-volume
relations in the clinical setting, the search for reliable in-
dexes of ventricular contractility should
continue . However,
it must now be recognized that linearity of these relations
and the estimation of Vo may not be attainable in many
clinical situations . In the not too distant future
it may well be
that ventricular indexes of contractility, when normalized in
an appropriate manner for individual disease groups, will
also result in indexes that assess changes in myocardial
contractility .
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